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and emission spectroscopies, optical and electron microscopies, as well as
classical titrations and manometry. In fact, most types of analytical chemi-
cal determinations on seawater samples have been performed on board ships.
However, the majority of shipboard analyses are "routine" analyses, such as
measuring oxygen by Winkler titration and nutrients by colorimetry. Al-
most all metal, isotope, and organic carbon analyses are carried out on land.
Shipboard techniques are compromises between the need to process many
samples rapidly and the cost and difficulty of performing analyses at sea, as
compared with land-based laboratory measurements.

For many of the same reasons that measuring analytes at sea is prefer-
able to returning samples to land, it is desirable to measure analytes in situ.
An additional benefit of using in situ sensors is the potential savings in
labor cost per sample. In general, adapting chemical analyses for use in the
ocean is much harder than adapting methods and instrumentation for ship-
board use. Even simple devices must be completely redesigned. Power and
data transfer are often problems when the apparatus is at the end of miles of
cable. High-density data storage makes real-time data transfer technically
unnecessary, although transfer may be required for scientific purposes, as
for real-time modeling and prediction. Adequate power remains a problem,
however. Pressure-proof housings are available, and electrodes and win-
dows can be engineered, but other limitations exist. In particular, even the
simplest mechanical manipulations of solutions, such as dispensing, mixing,
and titration, are difficult to automate. Various approaches have been used
to circumvent these problems. Laboratory robots have been used in land-
based laboratories for multistep analytical procedures, but adaptation for
shipboard, and especially in situ, applications will not be possible in the
near future.

Perhaps the most important new approach to chemical measurements
has been the use of sensors for oceanic chemistry. Sensors comprise a
transducer and its supporting electronic instrumentation. The key feature of
sensors is their ability to monitor the concentration of a particular anaiyte
continuously, so that the dimension of time can be added to the traditional
three dimensions of spatial measurements. An example of a sensor is a pH
electrode, coupled with a high-impedance voltmeter and a means of stan-
dardization and temperature compensation in situ. In principle, such a
sensor can monitor pH continuously for days at a time while transferring
the data to a recorder or memory device. One can contemplate towing an
array of sensors at various depths simultaneously, obtaining three-dimen-
sional continuous data sets, improving on the two-dimensional data avail-
able from vertical profiles. Most sensors must be calibrated regularly.

For in situ measurement, the foregoing discussion has implied the use
of profiling devices lowered from stationary surface vessels or towed be-
hind moving vessels. Yet the problems created by currents, weather, and